In the destruction of the pyogenic cocci the most important elements of the blood concerned are the leucocytes. These cells phagocytose the cocci after they have been acted on by the opsonic substances of the blood-serum, but the leucocytes can also destroy cocci in the absence of serum and under conditions in which phagocytosis cannot have taken place. There is then both intracellular and extracellular killing of bacteria by the leucocytes. The author has shown [3] that leucocytes, in common with many other cells, contain a powerful bacteriolytic ferment (lysozyme) which acts directly on some bacteria and does not require that the bacteria shall have been previously sensitized by the serum. This lysozyme action is not exerted equally on all bacteria. It is especially noticeable in connexion with non-pathogenic species but is marked also on some streptococci, on the gonococcus, and on some staphylococci. Unfortunately, however, bacteria brought into contact with lysozymecontaining material, if they are not killed outright, rapidly acquire a resistance to the ferment [4] . Thus in the infected person there are not only changes in the host whereby the infection may be combated but also changes in the parasite which render it less susceptible to antibacterial forces.
As a rule the less virulent the microbe, the greater will be the power of the blood to kill it. A streptococcus may be made so virulent that it is quite immune to the action of the blood or it may be so attenuated that a minute quantity of blood will kill many thousands. Fleming: The Bactericidal Power oJ Human Blood METHODS OF INVESTIGATING THE BACTERICIDAL ACTION OF BLOOD.
Many methods have been used for this purpose. I propose to deal with only two which have been of extreme use in our laboratory at St. Mary's Hospital.
The first is the slide cell method [5] by which bacteria are added to blood in any desired quantity and the blood is then placed in a " slide cell" consisting of two microscope slides separated by pieces of vaselined paper so that the space between has a depth of about i mm. When blood infected with staphylococci, pneumococci, or streptococci is placed in such a receptacle and the cell sealed with paraffin t,he cocci after incubation develop as colonies which can be enumerated without any additional process of planting out on culture medium. For organisms such as staphylococcus, pneumococcus, or Streptococcus viridans this is a most admirable method but with the Streptococcus pyogenes there are some technical difficulties in that it is sometimes impossible to count the colonies, which may be diffuse and surrounded by rapidly coalescing areas of hwmolysis. In dealing with the Streptococcus pyogenes, therefore, we have made use of a method described by Todd [6] in which blood and bacteria are mixed and sealed up in a small tube which is placed in the incubator for a certain time on a machine which keeps the fluid in the tubes in motion, thus allowing the blood-cells to exercise their bactericidal function to the best advantage and preventing the growth of the cocci in the serum-away from the leucocytes-which would seriously complicate the result.
THE NORMAL BACTERICIDAL POWER OF BLOOD. This varies widely with different bacteria and with different strains of the same species, so it is impossible to say that normal blood will kill any given number of microbes without going into detail as to the nature and strain of the bacterium.
With the ordinary pathogenic staphylococcus, such as one recently isolated from a boil, a normal healthy man's blood will kill something between 85 and 98 per cent., provided that the implant be a moderate one, say between 1,000 and 3,000 per c.c.
With Streptococcus pyogenes so much depends on the culture that it is impossible to give any satisfactory figures as to the killing power of the blood. The most virulent cultures are not killed by normal blood, whereas those which have been cultivated in the laboratory for a long time on the ordinary agar medium are so readily killed that normal blood may completely destroy 20,000 per c.c. or more.
As a rule, the streptococci isolated from cases of septicomia are of moderate virulence so that normal blood is capable of killing a certain number.
The ordinary pneumococci found in the nose and throat are easily killed by normal blood, while those from cases of lobar pneumonia are less susceptible, but I have found even virulent pneumococci, which are not susceptible to phagocytosis, much more susceptible to the bactericidal power of the blood than are virulent haBmolytic streptococci.
METHODS OF ALTERING THE BACTERICIDAL POWER OF THE BLOOD. These may be classified as follows:
(1) Methods of increasing the opsonic power of the blood-fluids.
(2) Methods of increasing the number of leucocytes.
(3) Methods of increasing the efficiency of the leucocytes. (4) Physical methods, e.g., light.
(5) Chemical methods: (a) Introduction of chemicals intended to act directly as antiseptics; (b) introduction of chemicals which act on the bacteria so as to render them susceptible to the bactericidal action of blood; (c) introduction of chemicals which induce a general increase in the bactericidal power of the blood.
METHODS OF INCREASING THE OPSONIC POWER OF THE SERUM.
As much of the bactericidal power of blood is dependent on phagocytosis, the amount of which is dependent on the opsonic power of the serum, obviously any increase in the opsonic power of the serum will favour the killing of bacteria by the whole blood. The opsonic power can be increased by appropriate doses of vaccines. In vaccine therapy it is usual to employ a vaccine of the same type of microbe as that infecting the patient, but vaccines may also act in a non-specific manner. Thus, after a minute dose of tuberculin, the opsonic power of the serum on the pyogenic cocci and the total bactericidal power of the blood on these organisms may be increased, and Wright has shown that this change can be induced even if the tuberculin is added to the blood outside the body. This non-specific effect of vaccines occurs very rapidly-it may be in a few minutes-and its duration is probably short.
The injection of a vaccine also induces some leucocytosis which will now be considered.
(2) METHODS OF INCREASING THE N UMBER OF LEUCOCYTES. If all the leucocytes are removed from the blood by the method described by the writer [71 of filtering the blood through tightly packed cotton-wool it will be found that the blood has lost the whole of its bactericidal power on the pyogenic cocci. If normal blood is diluted with this deleucocyted blood so that the number of leucocytes is gradually reduced, the bactericidal power of the blood falls directly in proportion to the number of leucocytes. This is shown in the following table. 
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If, on the other hand, the number of leucocytes present be increased by centrifuging the blood and removing only the uppermost layer of corpuscles with the appropriate amount of serum, then the killing power is increased with the increase of the leucocyte count. a It is well known that one result of an infection is a leucocytosis, and this is one of the natural methods of defence against the invading organisms. As has been stated, the injection of a vaccine which is in some ways an imitation of an infection, is followed by a mild leucocytosis, and the rapid rise in the bactericidal power of the blood shortly after the administration of a vaccine is, partly at least, due to this increase in the number of leucocytes.
The administration of yeast for boils and similar infections is an old form of treatment and had as one of its results an increase in the number of leucocytes in the blood and an increased bactericidal power. Injections of nuclein (derived from yeast) induce a considerable leucocytosis. My colleague, Dr. Maclean, has studied -this subject in relation to the bactericidal power of the blood, and has shown that when leucocytosis follows the injection of nuclein, the bactericidal power of the blood is increased and that the fresh leucocytes which appear are of the same quality as those pre-existent in the blood-stream. This last observation is of the utmost importance, for in some of the severe infections the leucocytes in the blood are of poor quality and those which appear in the blood after the injection of nuclein are equally inefficient, so the benefit to the patient is not so great as it otherwise would be. Fleming: The Bactericidal Power of Human Blood (3) METHODS OF INCREASING THE EFFICIENCY OF THE LEUCOCYTES. Indirect measures, such as the drainage of large abscesses and the consequent reduction in the toxic material absorbed into the blood, will improve the efficiency of poisoned leucocytes. These methods are, however, rather outside the scope of this paper.
Blood-transfusion has now been used pretty extensively in cases of severe sepsis, and one of the beneficial effects of this is the addition to the patient's blood of a large number of leucocytes of high efficiency. The method in which the blood transfusion is done has some bearing on the result achieved in this connexion. In the citrate method of transfusion the anticoagulant used (sodium citrate) has some poisoning effect on the leucocytes and this is increased with the time which elapses between the withdrawal of blood from the donor and its administration to the patient. If defibrinated blood is transfused the efficiency of the leucocytes is unaltered, but in the process of defibrination something like 25 per cent. of the leucocytes are entangled in the clot and so lost. Theoretically the transfusion of unaltered blood should be the most efficient, as here the leucocyies are unaltered in numbers or efficiency. In the past this method has not been in favour owing to technical difficulties but now apparatus has been devised whereby it can be readily carried out.
The blood of the donor may be enriched, as regards its leucocytic content, by a previous injection of nuclein which induces an influx into the blood-stream of a large number of leucocytes of good efficiency, or by an appropriate dose of vaccine which will increase the antibacterial content of the blood-fluids and at the same time increase the numbers and possibly the efficiency of the leucocytes. Obviously both these methods will enhance the value of the blood transfused.
(4) EFFECT OF LIGHT ON THE BACTERICIDAL POWER OF THE BLOOD.
Colebrook, Eidinow and Hill [8] , have shown that animals irradiated with the carbon arc or the mercury vapour lamp acquire after a short time an increased bactericidal power in their blood. Exposure to sunlight has the same effect, so that two hours after a sun bath a normal man developed an exceptionally high bactericidal power which was maintained for several hours.
It has been shown [9] also that if the exposure to sunlight or to the arc lamp is too prolonged the bactericidal power of the blood, instead of rising, falls very much so that in the conduct of this form of treatment the question of dosage is of the utmost importance.
(5) CHEMICAL METHODS.
(a) Introduction of Drugs intended to Act Directly as Antiseptics. By this it is meant that the drugs injected will combine with and destroy the infecting microbe. On this basis the whole chemotherapy of Ehrlich and his followers has been built up. Everyone knows how successful chemotherapy has been in syphilis and some other spirillar diseases, in trypanosomiasis, malaria and amcebic dysentery, but in the common bacterial infections it has not been so successful. This question is fully discussed in a recent article by Sir Almroth Wright [10].
If a chemical, when injected, is capable of killing bacteria in the blood-stream, it should be possible to reproduce this action in vitro by mixing certain quantities of the chemical with infected blood outside the body and noting the fate of the bacteria. Let us take a concrete experiment [11] . A series of dilutions of carbolic acid was made in normal salt solution and to 25 c.mm. of each of these dilutions was added 25 c.mm. quantities of blood infected with staphylococcus (fifty-six staphylo-cocci to each 25 c.mm.). These mixtures were then run into slide cells and incubated for two days when the number of colonies which developed were enumerated with the following result:
CONCENTRATION OF CARBOLIC ACID.
Control, no carbolic 1 in 20,000 1 in 10,000 1 in 5,000 1 in 2,560 It will be seen that the blood by itself was capable of killing off all but one of the cocci, but when carbolic acid was present in a concentration of 1 in 640, every coccus implanted grew out. This is due to the fact that the carbolic acid kills the leucocytes in a concentration which does not inhibit the growth of the bacteria.
It will be seen also that there are three zones of concentration of the antiseptic, (1) an indifferent zone where there is no action on either the leucocytes or the bacteria, (2) an antibactericidal or antileucocytic zone where the leucocytes are destroyed and the bacteria grow out, and (3) an antiseptic zone where the bacteria are killed as well as the leucocytes. A result of this kind can be obtained with practically all the antiseptics in common use and it is clear that when the chemical kills the leucocytes much more readily than it kills the bacteria, there is little hope that it can act as an efficient antiseptic in the blood-stream.
Another question is whether the chemical injected remains in the blood-stream sufficiently long to destroy the microbes. A drug like flavine can be injected into the blood in sufficient quantity to inhibit any microbes completely if it remains in circulation, but if flavine is injected intravenously into an animal it will be found that it disappears from the circulation too rapidly to have any marked effect on any bacteria present in the blood. The following experiment briDgs this out clearly. A rabbit weighing 2,500 grams was injected intravenously with 20 c.c. of 1 in 1,000 flavine and blood was taken before and again at intervals after the injection. These blood specimens were put up in slide cells with measured numbers of staphylococci, with the following result: The slight antiseptic effect which was manifest immediately after the injection of the flavine was completely lost in three minutes.
At present there seems little chance of any general antiseptic killing bacteria in the blood-stream but there is some hope that chemicals may be produced with special affinities for particular bacteria and may be able to destroy these in the blood although they may be quite without action on other and, it may be, closely allied bacteria.
My colleague, Dr. Colebrook [12] , has shown that the arsenical drugs used in the treatment of syphilis have a remarkable affinity for the Streptococcus pyogenes They can be introduced into the blood in sufficient quantity to endow it with considerable bactericidal properties towards this particular microbe and they remain in the blood for a sufficient time to effect their antiseptic action. In the concentrations which have to be injected, the leucocytes may to a certain extent be damaged but on balance the blood becomes more bactericidal. Dr. Colebrook found that the most efficient of these arsenical drugs was of the sulpharsenol, kharsulphan,'or metarsenobillon type, injected subcutaneously or intramuscularly, and by repeated doses he has been able to maintain a strong bactericidal power in the blood 6f a septicaemic patient for some days. Fleming: The Bactericidal Power of Human Blood The bactericidal power of these arsenical drugs is very specific and is only exercised to any marked extent on hamolytic streptococci. This is well brought out in the following experiment in which the bactericidal power of novarsenobillon to two different types of streptococci is contrasted.
To 25 c.mm. of blood infected with hmmolytic streptococci, 25 c.mm. quantities of dilutions of novarsenobillon were added and the mixtures placed in slide cells and incubated. The same thing was done with blood infected with a Streptococcus viridans. The result of the experiment is shown in the accompanying diagram from which it will be seen that a 1 in 64,000 dilution of novarsenobillon completely inhibited the haemolytic streptococci whereas with the Streptococcus viridans it took STREPTOCOCCUS.
Ha3nrolytic.
Viridan2. a 1 in 1,000 dilution to inhibit growth completely anci in dilutions from 1 in 2,000 to 1 in 32,000 there was a great increase of growth, due to the destruction of the leucocytes which were themselves capable of killing practically all the streptococei implanted.
Colonies
(b) Drugs which act indirectly as Antiseptics by acting on the Bacteria so that the Leucocytes can effect their Destruction. The chief example of this class is mercuric chloride. If blood infected with a small number of Streptococcus pyogenes has added to it mercuric chloride, so that the concentration of the drug is 1 in 100,000 and the mixture is incubated, it will be found that the streptococci are killed. It might be said that that is simply the lethal action of the mercuric salt on the streptococci, but this is not so, for if a control is made, using the same number of streptococci in the same quantity of blood from which the leucocytes have been removed, then there is no destruction of the cocci. In the two experiments the only difference is the presence of leucocytes in one sample of blood, and it is this which determines the killing-off of the streptococci. The action of the mercury is not, to stimulate the leucocytes, as it is only manifest (among the common microbes) on Streptococcus pyogenes, whereas if it were a stimulation of the leucocytes it would result in an enhanced bactericidal power on all microbes. The mercuric salt, therefore, has some specific action on the hemolytic streptococci-not to kill them, but to cause them to lose some of their virulence, and so render them more easily a. prey to the leucocytes of the blood. This effect can sometimes be seen with extremely weak concentrations of mercuric chloride-even as low as 1 in 1,000,000.
Probably whatever benefit has accrued to septic.Tmic patients from intravenous injections of mercuric chloride has been due to this action and not to any direct, lethal effect on the cocci.
Biniodide of mercury has exactly the same effect as perchloride.
(c) Introduction of Chemicals which increase the General Bactericidal Power of the Blood.
I have found that intravenous injections of hypertonic solutions of common salt [13] are followed by a marked increase in the bactericidal power of the blood. This increase is not specific to any one microbe, but was manifest to all the microbes tested. The amount by which the bactericidal power of the blood can be raised may be seen from the following experiment, where 50 c.c. of 10 per cent. solution of salt were injected intravenously into a boy, and the blood was tested at intervals to arrive at its bactericidal power to staphylococcus. 
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If too much of the salt solution is given, there is a temporary fall in the bactericidal power, but, even in an animal which had an enormous overdose, this fall was followed in two hours by a very great rise.
Injections of hypertonic salt solution are perfectly safe, and have been largely used to supply fluid in a form which would remain in the circulation for a longer time than normal salt solution would do. The experiments I have made show that in addition to supplying fluid, there is a definite antibacterial power conferred, and this procediire might with advantage be used in acute infections.
The problem of the treatment of acute infections is not finished when we have increased the power of the blood to kill the infecting bacteria. There is a further problem, and one which may be less easy of solution, namely. how to bring the bactericidal substances which may be circulating in the blood, into contact with the microbes which are outside the blood-stream, and probably in every case the microbes which are actually circulating in the blood-stream are of far less importance than those in the tissues and organs. It would be out of place here to go into this question, but no disquisition on the bactericidal power of the blood is complete without a reminder of this important problem. 86, 5 Fleming: The Bactericidal Power of Human Blood In conclusion, I wish to bring to your notice another experiment illustrating the natural antiseptic properties of the body. It is probably in the minds of most of us that the naturally occurring bactericidal agencies are very weak when contrasted with the chemical antiseptics. The followiDg experiment will show that this is not of necessity the case.
A culture plate of ordinary nutrient agar is taken, and with a cork borer a number of discs of medium are removed. Into the cavities thus made small discs of filter paper, soaked in various chemical antiseptics or body fluids, are placed. These are covered with melted agar, at about 500 C., which is allowed to solidify, and then similar melted agar is poured over the whole plate. When this has solidified, the surface is thickly planted with a microbe, and the microbe chosen in this experiment is one which has about the normal resistance to the chemical antiseptics, but which is very susceptible to the physiological antiseptics. The result obtained after incubation of the plate is shown in the accompanying diagram, from which it will be seen that there is a considerable area of inhibition of growth over the imbedded tears and nasal mucus, wbich were the physiological antiseptics used, while there is no inhibition over the discs saturated with iodine 1 per cent., carbolic acid 5 per cent., mercuric chloride 1 in 1,000, flavine 1 in 1,000, mercurochrome 1 in 100, or gentian violet 1 in 100.
It is clear, therefore, in an experiment done in this way that the natural antiseptics are much more potent than are the common chemical antiseptics in the strengths in which they are usually employed. Otology   33   REFERENCES. 1] TODD, E. W., Brit. Journ. Exp. Path., 1927, viii, 289. [2] WRIGHT, A. E., Brit. Med. Journt. 191 (ii), 629. [3] FLEMING, A., Proc. Roy. Soc., B, 1921-22, xciii, 306. [4] FLEMING, A.,. and ALLISON, V. D., Ibtd., 1922-23, xciv, 142. [5] WRIGHT, A. E., COLEBROOK, L., and STORER, E. J., Lancet, 1923 (i), 365, 417, 473. [6] TODD, E. W., Brit. Journ. Exp. Path., 1927, viii, 1. [7] FLEMING, A., ibid., 1926, vii, 281. [8] COLEBROOK, L., EIDINOW, A., and HILL, LEONARD, ibid., 1924, v, 54. [9] COLEBROOK, L., Brit. Med. Journ., 1924 (ii), 11. [10] WRIGHT, A. E., Lancet, 1927 (ii), 1327 . 11] FLEMING, A., Proc. Roy. Soc., B, 1924 [12] COLEBROOK, L., 1928, Medical Reeearch Council, Special Report Series, No. 119. [13] FLEMING, A., Brit. Journ. Exp. Path., 1926, vii, 274. Di8cus8ion.-Mr. W. STUART-LOW said that the adyantages of using blood-serum as a first dressing in mastoid operations were very great. The chief objection to even mild antiseptics had always been that they had always some irritative and devitalizing effect oli the tissues and there was no certainty that micro-organisms were destroyed by their action. No doubt the beneficial action of some antiseptics, and probably also of some aseptics, such as normal saline solution, consisted in the fact that they irritated the tissue and in this way ensured an increased outflow of serous fluid and stimulate the circulation about the healing parts. To supply the blood-serum without applying the irritant was better.
Section of
Mr. SOMERVILLE HASTINGS asked whether Mr. Fleming had used salt injections clinically in cases of septictemia and special infections, -and, if so, what had been the result. ,
Mr. F. B. GILHESPY asked whether the use of such anticoagulants as heparin exerted any deleterious effects on the leucocytes. Sir CHARLES BALLANCE said that his own experience of direct transfusion of blood was that, in acute cases, it never saved a life. He had also used hypertonic salt solution in very bad cases, and its use had been followed by improvement. The reason for this had been explained by Mr. Fleming. In a number of desperate cases he (Sir Charles) had employed mercuric chloride, following Professor Case, of Aberdeen, who had used mercuric chloride intravenously to cure animals suffering from infection with septic organisms. During the war he (the speaker) had found that it was the only thing of use, and in some desperate cases it had clearly saved the patients' lives. He began with 6 c.c. of 1 in 1,000 solution diluted with one or two ounces of salt solution, and injected it slowly. In some instances the injection was given each day for three or four days. In some cases the temperature when the patients were seen was 1050 F., even 106', with rigors, and in some he had only to give one injection. He would like an explanation of the result from Mr. Fleming, as he did not think the mercury remained in the blood very long and was certainly not in sufficient strength in solution to arrest bacterial action. He thought perhaps that the mercury formed a combination with the albumin of the plasma, and that this kept it longer in the blood than would otherwise have been the case. However, what Mr. Fleming had now told the Section enabled one to appreciate the wonderful results sometimes obtained after the intravenous injection of arsenical compounds, and the same explanation may hold good for mercuric chloride. In some way or other not yet clearly understood, the antibacterial power of the leucocytes or plasma, or both, are increased.
Mr. J. S. FRASER (President) said that he had had some experience of these various methods of treatment in such conditions as sinus thrombosis, aural bacteriemia, meningitis, etc., and he had made an analysis of thirteen treated cases. Two patients were treated with the fluid S.U.P.; both had died. One was treated with mercurochrome and died, the death apparently having been accelerated by the intravenous injection. Two were treated with hypertonic salt solution; both recovered. Of eight patients treated with septicemine, three recovered and five died.-It was a small number of cases on which to base any conclusion, but in that series hypertonic salt solution had given the best results.
Mr. FLEMING (in reply) said the question regarding the intravenous use of hypertonic salt clinically had been answered by the President. His own experience with it had been only slight. He had experimented with it on animals, and he hoped it would be used clinically, as it was perfectly safe, and it seemed reasonable that it should do good.
Heparin had no deleterious effect on the leucocytes in the concentration required to stop clotting of the blood. Intravenous injections of mercuric chloride had been used for a long time in the treatment of acute infections, but they had been used with the intention of directly killing or inhibiting the microbes by the chemical. In 'water it was a very potent antiseptic, but when added to blood its power was much reduced and in any concentration which could be injected it would not by itself kill the bacteria.
Whatever lethal action it had was exerted in association with leucocytes and was more or less specific for hswnmolvtic streptococci.
Methods of Estimating Certain Alterations in the Middle-ear by
Means of Quantitative Tests of Hearing.
By A. LOWNDES YATES, M.D.
IN any discussion relative to derangement of the hearing, it is necessary to define the degree of deafness of the patients in terms of some exactitude. This is particularly necessary when we are recording the results of treatment in a given case, for it is easy to convince both the patients and ourselves that they hear better, when this is not in fact the case.
There are two main factors in our power of hearing. The first of these is the power of hearing simple tones, which need no interpretation, such as the sounds of tuning forks, or noises in the street. This power of hearing simple tones is clearly the primitive form of hearing which all the lower animals possess. The second is the power of interpreting the sounds of speech. This is a power higher in the stage of evolution than the first, and in the main, peculiar to man.
It is not surprising, therefore, that, when the mechanism of an ear becomes deranged, this power of interpretation of the sounds miiay be reduced more than the power of hearing simple notes. THE NEED OF QUANTITATIVE TESTS OF HEARING. It is the custom when we test a patient's hearing to record the distance at which he can hear the voice of ordinary conversation. As voices differ, the distance at which the tester's voice can just be heard by the normal ear should be invariably stated. Otologists can train themselves to speak with a conversational voice which can be heard by the normal ear at 25 ft. and not at 26. It will be seen that in such a case, the result of testing may be expressed by saying that the patient hears at, say, 5 ft. what he should hear at 25. The same degree of deafness will enable him to hear at 20 ft. what he should hear at 100 ft., etc. This fact may be expressed in terms which are common to all distances by the statement that a patient's hearing distance in this case is diminished by 80 per cent.
It is on this principle that the quantitative tests of hearing can be, I think, most easily carried out. Since, however, it is of little use to record only conversation by a quantitative method, I set about to find a means of quantitative testing by the tuning fork. The first record of any such attempt is to be found in the second volume of Lord Rayleigh's book on sound. Certain alterations of his method are necessary to fit it for use by the otologist. These alterations have in consequence been introduced. The principle of quantitative testing is then that of finding the quarter intensity period of a tuning fork, heard without resonance, and damped constantly to a similar degree, as if held closely to the tragus. The distance from the tragus which has been chosen is a quarter of an inch. By this method we find that when a fork is struck, and is held in air at 12 in. from the tragus, it ceases to be heard, but can be heard again when placed close to the tragus for a definite number of seconds. Repeating the experiment with the fork at 6 in., 3 in.
